Evaluation of the predictors of maternal mortality among critically ill obstetric patients managed at the intensive care unit (ICU).
Introduction
Despite efforts towards attainment of the Millennium Development Goals (MDG), maternal mortality remains high in developing countries. As part of efforts at improving maternal health (MDG-5), the management of critically ill obstetric patients stands as an important component. The profile of admission of critically ill obstetric patients has been shown to be similar worldwide 1 ; however, there is a clear divide in the mortality with rates of 0% to 9.4% 2-4 from developed compared to 33% to 52% in developing countries [5] [6] [7] [8] . This wide gap is due to a combination of clinical and economic factors with illiteracy, poverty, lack of awareness about health complications, social and behavioural factors, and paucity of research in obstetric critical care playing major roles 9 . In addition, quality obstetric care, well equipped labour wards, evidence-based practice and financial adequacy have reduced the number of obstetric patients requiring critical care and improved the outcome of care in developed countries 10 . Available data from Nigeria and Kenya reported high mortality with obstetric haemorrhage, complications of severe preeclampsia and eclampsia, multiple organ failure, late presentation and lack of antenatal care as major determinants of mortality among critically ill women [5] [6] [7] [8] . It has therefore become necessary to gather data on the outcome of the critical care in developing countries to more clearly define the predictors of maternal mortality as well as identify necessary areas for improvement in developing countries. This study aims to evaluate the predictors of maternal mortality among critically ill obstetric patients by comparing survivors and those that died following ICU care in a tertiary center in Ilorin, North central Nigeria.
Materials and Methods
The study was a retrospective case control study of critically ill obstetric patients who were admitted and managed at the intensive care unit (ICU) of the University of Ilorin Teaching Hospital (UITH), Ilorin, Nigeria from 1st January 2010 to 30th June 2013. The subjects were critically ill obstetric patients who died while controls were the survivors after ICU care. The ICU is a multidisciplinary four bedded unit with facilities for multimodal parameter monitoring and functioning mechanical ventilators. It receives patients from all medical and surgical units in the hospital as well as referrals from other centers. The study was designed as a total population study of all critically ill obstetric patients who died at the ICU matched with equal number of those who survived after ICU care during the study period. The ICU admission register was screened and a list of patients who died during the study period matched with the closest age and parity controls among survivors was compiled; the case files were then retrieved from the medical records department of the hospital for analysis. The matching was to highlight the values of the parameters evaluated among the two groups and provide possible explanations for the maternal deaths. Maternal age and parity were used for matching because these are known independent factors that influence pregnancy outcome and may serve as confounders if not controlled for. The inclusion criteria were admission into the ICU during pregnancy or within 42 days of its termination and the complete management data must be available for review. Exclusion criteria were non-obstetric patients, women admitted after 42 days from the termination of last pregnancy and obstetric patients whose complete management data were not available for review. The main outcome measures were maternal death or survival at the end of the ICU admission.The data obtained included socio-demographic and obstetric parameters, indication and clinical state at ICU admission, care, complications, duration and final outcome of ICU admission. Data analysis was by using the SPSS version-20, chi-square, Cox-regression and odds ratio with 95% confidence interval were calculated; p value < 0.05 was termed significant. The data for the study was part of the result of an audit of ICU care in the hospital during the study period; institutional ethical approval was obtained before commencement of the study, sponsorship was by the researchers and there was no conflict of interest in the conduct of the study.
Results
A total of 90 critically ill obstetric patients received ICU care during the study period; of these, 49 survived while 41 died. However, complete management data was available for only 25 of the women that died (51% retrieval rate); these 25 represented the subjects while an equal number (25) of age and parity matched women who survived after ICU care during the same period represented the controls and were included in the study. From Table 1 , the mean ages (28.92 ± 5.09 versus 29.44 ± 5.74; p = 0.736) and mean parities (1.80 ± 1.53 versus 2.08 ± 1.55; p = 0.523) of the controls and subjects were similar. Educational attainment was higher and statistically significant among the controls (p = 0.048; OR 0.316, CI 0.1-1.004); more subjects were of low social class (p = 0.321; OR 2.471, CI 0.634-9.625), unbooked prenatally (p = 0.131; OR 0.390, CI 0.196-1.891) and had partners with lower level of education (p = 0.156; OR 0.442, CI 0.142-1.376) compared to controls. In Table 2 , the indications for ICU admission were similar among subjects and controls; the two commonest were massive postpartum haemorrhage (12 versus 7, p = 0.2513) and severe preeclampsia or eclampsia (6 versus 7; p = 0.7815). The mortality rates were 100% among those admitted for amniotic fluid embolism, complications of unsafe abortion and peripartum cardiomyopathy. Table  3 shows that the mean duration of admission was higher among controls (3.32 ± 2.46 versus 3.00 ± 2.58; p = 0.656) while the mean cost of ICU admission was higher among subjects although not statistically significant (p = 0.472). There was higher occurrence with statistical significance of multiple organ dysfunction (p = 0.0274; OR 4.43, CI 0.96-22.04) and development of further complications after ICU admission (p < 0.001; OR 0.26, CI 0.15-0.46) among subjects compared to controls. In Table 4 , the commonest drugs administered were antibiotics (100%) in both subjects and controls but there was statistical significance in the use of mechanical ventilators (p = 0.028), oxygen administration via nasal catheter (p = 0.045) and use of inotrophic drugs (p < 0.001). From Table 5 , Cox-regression showed that the major predictors of maternal mortality were the woman's age (regression coefficient -0.004, hazard ratio 0.996), educational status of the woman (regression coefficient -0.335, hazard ratio 0.715), the Glasgow Coma Scale score at ICU admission (regression coefficient -0.143, hazard ratio 0.867), systolic blood pressure at admission (regression coefficient -0.030, hazard ratio 0.970) and the SpO2 (regression coefficient -0.011, hazard ratio 0.989). Table 1 : Socio-demographic characteristics of ICU survivors and those that died Table 2 : Indications for admission into the intensive care unit among survivors and those that died 
Discussion
In this study, the predictors of maternal mortality among critically ill obstetric patients managed at the ICU were the level of education of the woman, the clinical state on admission at the ICU in terms of the Glasgow Coma Scale score, oxygen saturation, respiratory rate and presence of multiple organ failures. Others were the need for use of inotrophic drugs, mechanical ventilator and occurrence of further complications during ICU admission. Also, the hazard risk of dying on Cox-regression analysis was higher with respect to the age and educational status of the woman, the GCS, systolic blood pressure and oxygen saturation at ICU admission. However, the parity, booking status, diagnosis at ICU admission, mean duration of ICU admission and mean cost of care were not significant in predicting mortality. The woman's educational level stood out as a major predictor of outcome of care in critically ill obstetric patients in this study. This corroborates previous studies that female education improves the health seeking behaviour of a woman as well as her general attitude to health matters 1 . This further emphasizes the role of universal basic education especially for the girl child in the achievement of the Millennium Development Goals (especially MDGs 4 and 5). Although many researchers have not linked age with mortality in critically ill obstetric patients, Waterhouse et al., reported that mortality is worse in women > 34years of age 11 ; this study also showed a higher hazard risk of dying with age in critically ill obstetric patients. This means that the older the woman, the higher her risk of dying when critically ill. Multiple organ failure has been reported to be a major predictor of mortality in critically ill obstetric patients by previous researchers, 5, 6, 12, 13 which was further validated in this study. This may be because it is a reflection of the severity of the illness and expectedly the outcome. It may also show the effect of poor recognition of complications and late presentation for care 6 until when irreversible cellular damage would have occurred. This further predisposes to the need for inotrophic drugs and mechanical ventilation to support these failed organs with a risk of developing further complications in the ICU as reported in this study thereby reducing the chance of survival. Osinaike et al., in Ibadan, Nigeria reported that the need to use inotrophic drugs and mechanical ventilation were predictors of maternal mortality 14 . Unlike the reports of Okafor et al., 6 and Karnad et al., 15 that absence of prenatal care was a predictor of maternal mortality in critically ill obstetric patients, the booking status in this study was not a predictor of mortality. This could be because the delay in recognition of the need for ICU care and delays in presentation could have removed the otherwise expected beneficial effect of prenatal care. Although the pattern of diagnosis on admission was similar between the subjects and controls, the mortality indices were highest in those with complications of unsafe abortion, peripartum cardiomyopathy and amniotic fluid embolism (AFE; both cases were presumptive diagnoses). AFE and peripartum cardiomyopathy were associated with high mortalities while unsafe abortion and its complications remain a major problem in countries with restrictive or prohibitive abortion laws like Nigeria. In such places unsafe abortions are common and only women with significant morbidity present at the hospital for treatment 16 with the resultant higher risk of maternal mortality. Although not statistically significant, complications of preeclampsia and eclampsia and massive postpartum haemorrhage remain important causes of death in the study. This was similar to the reports of Okafor et al., 6 where these diagnoses featured prominently among the causes of death among critically ill obstetric patients. However, the lower mortality index following massive PPH in this study could be partly due to easier availability of blood and blood products in this center contrary to the report of Okafor et al., 6 with significant limitations in obtaining them. This is because of our institutional policy of compulsory antenatal blood donation of one unit of blood on behalf of each antenatal care attendee which enabled the center to cater for the blood need of both booked and unbooked women. In this center, admission deposit is not insisted upon before admission into the ICU; there is also an institutional provision for deferment of payment for all emergencies while all interventions including surgeries are performed. This may explain why the social class was not a predictor of maternal mortality in this study as these institutional policies bridged the gap for the women of low social class.
Conclusion
The clinical state of the critically ill obstetric patients at admission into the ICU remains the major determinant of the outcome of ICU care; thus, early recognition of the need for ICU care, adequate pre-ICU resuscitation and supportive care and prompt referral will improve the outcome of care. The limitations of the study include the relatively small sample size, which may be a reflection of ICU utilization in this environment and the short study period. The major limitation is the low retrieval rate of complete management data; this remains a major challenge in resource challenged countries like Nigeria where hospital data are largely not fully computerized. We recommend that health facilities especially in resource challenged countries should pursue full computerization of hospital data to avert cases of missing data.
